It is a common view that myocardial infarction during anmsthesia is such a rare event that it scarcely merits serious consideration, yet the anasthetic literature abounds with comprehensive analyses of the risks, and most anwsthetists can recall two or three incidents per yearif pressed to do so.
The following illustrates a case seen at Northwick Park very recently.
Case Mrs E T, aged 71, was admitted for cholecystectomy. She had a history of nonspecific chest pain for which she took trinitrin, but her electrocardiogram (ECG) showed only minor T-wave abnormalities. The operation was uneventful, but at 60 min postoperatively her blood pressure began to fall, and at 80 min it was recorded as 30/0 mmHg. The aneesthetist was summoned, and five minutes later her blood pressure was 100/60 mmHg and quickly stabilized at 110/80 mmHg. Her pulse rate rose to 100/min, but otherwise her condition seemed to be satisfactory and no ECG was recorded. On her retuin to the ward she became progressively more dyspnceic, but did not complain of chest pain at any time. By the third postoperative day she was in frank pulmonary cedema, and an ECG showed a large, recent, anterior infarction. She was transferred to the Coronary Care Unit, but did not respond to treatment and died seven days later.
Of the many studies outlining the risks of infarction related to surgery and anesthesia (Hannigan et al. 1951 ,Wroblewski &La Due 1952 , Baker et al. 1954 , Etsten & Proger 1955 , Wasserman et al. 1955 , Feruglio et al. 1958 , Driscoll et al. 1961 , Skinner & Pearce 1964 , Topkins & Artusio 1964 , Arkins et al. 1964 , Baer et al. 1965 , Pierce 1966 , Walker & Macdessi 1966 , Rosen et al. 1966 , Fraser et al. 1967 , Mauney et al. 1970 ) the recent mammoth retrospective study from the Mayo Clinic (Tarhan et al. 1972) most clearly summarizes the situation.
(1) The incidence of infarction in patients who have had a previous infarction is 6.6%, while the incidence in those who have not had a previous infarction is 0.13 %.
(2) The risk is much higher if the first infarction occurred within a year of the operative procedure.
(3) Operations on the thorax and upper abdomen (excluding cardiac operations) are much more likely to provoke infarction than operations on other areas of the body. (4) The peak incidence is at the third postoperative day when infarction is three times as common as on the day of the surgical procedure. The mortality is very high (80%) (5) The type and duration of anaesthesia does not appear to be an important factor. While these observations from the Mayo Clinic are very valuable and informative, they suffer from a major defect: a total failure to define how the diagnosis of infarction was made. This is a crucial point in studies of this kind, since the clinical features so useful to the cardiologist are obscured by the anmsthesia and postoperative analgesics, and both Tarhan et al. and many others have commented on the high incidence of so-called 'silent' infarction in their series.
There are two important methods available to the clinician which are crucial to the diagnosis of infarction: estimation of.serum enzyme levels, and the twelve-lead ECG. Damaged tissues release 53 120X9 enzymes into the circulation in a quantity and timescale which is related to the extent of the damage and the size of the enzyme molecule. Unfortunately, many studies (Trethewie 1946 , Lawrence & Schulkins 1956 , Person & Judge 1958 , Kelley et al. 1967 , Watkins & Lewis 1972 have shown that the enzymes which are commonly used in the diagnosis of infarction are also released in large quantities from other tissues during surgical procedures, and despite the suggestion that particular high or prolonged rises in enzymes may be significant (Lawrence & Schulkins 1956 ), there can be no doubt that enzyme rises alone are not enough to enable a diagnosis of infarction to be made with any certainty. A recent claim (Wagner et al. 1973) to have isolated a cardiospecific isoenzyme of creatine phosphokinase (the MB fraction) may change this statement radically, but there is no information available at present about this enzyme during surgery.
This leaves only the ECG as a diagnostic indication of infarction. The electrocardiographic signs suggestive of infarction are the appearance of Q waves of a duration and depth greater than the defined upper limits (Blackburn et al. 1960) and the appearance of a raised ST segment suggestive of an injury current (Pardee sign). The appearance of deep inverted T waves in the precordial leads, not accompanied by Q waves, is interpreted as subendocardial infarction. We have monitored the twelve-lead ECG in 50 patients with no evidence of cardiovascular disease undergoing a variety of surgical procedures, taking resting tracings on the day before, immediately after, and for three consecutive postoperative days. T wave flattening or inversion occurred in 32% of these patients, and in all instances the changes lasted the full postoperative period. In no instance did Q waves appear. These changes in the T waves are hardly surprising since it is this part of the ECG complex which is most sensitive to metabolic and electrolyte changes.
We have also monitored the twelve-lead ECG in 20 patients with established severe ischmmic heart disease, and confirmed the observation of Chamberlain and Edmonds-Seal (1964) who found almost invariable worsening of the changes suggestive of ischwmia, with deep inversion of the T-waves. These authors felt that these persistent changes were indicative of worsening of myocardial ischeemia, but the truth is that we do not know what they mean, and it is equally possible that these changes simply reflect the sensitivity of ischoemic heart muscle to antesthetic agents.
Dysrhythmias are a common accompaniment of myocardial infarction, and it might be expected that monitoring the ECG for rhythm alone would give an indication of infarction. However, dysrhythmias are also common during anesthetic procedures (Katz & Bigger 1970 , Alexander 1971 , Bertrand et al. 1971 ) especially during intubation, and so may be difficult to interpret in this way.
We have investigated this by means of a miniaturized electrocardiograph and tape recorder which is strapped to the patient's chest the night before operation and gives a continuous twenty-four hour record of the patient's ECG (Crook et al. 1973) . We found that our 'normal' patients had no important dysrhythmias, even during intubation, and the recordings showed nothing more significant than a few supraventricular ectopic beats. The patients with ischmmic heart disease were different in that serious dysrhythmiaseven long bouts of ventricular tachycardiawere common, but seemed to be related to the surgical procedure rather than the anmsthetic. It has been remarked that while such dysrhythmias are common, they never have a fatal outcome. However, we have recently seen a patient who developed ventricular tachycardia during a surgical procedure which progressed to ventricular fibrillation, so perhaps it is not satisfactory to be complacent about such dysrhythmias and their significance.
It is worth mentioning complete heart block in this context because there is good evidence that patients who are at risk of developing this condition often do so during surgery (Skinner & Pearce 1964) . We have adopted the practice of inserting a temporary endocardial pacemaker preoperatively in all patients whose ECG shows evidence of bifascicular block, and have successfully avoided profound bradycardia on two occasions in the last year.
It would appear that the only useful diagnostic indication of infarction during anesthesia is the appearance of pathological Q waves and ST elevation. The significance of T wave inversion is uncertain, and cannot be interpreted without a preoperative ECG for comparison. It is only common sense that all patients over the age of forty should have a routine preoperative ECG and that the findings should form a significant part of the preoperative assessment. In conjunction with the clinical history, it should be possible to clearly define the high risk patients. These should be observed with particular care during their operations and the ECG should be monitored for dysrhythmias. Any fall in blood pressure, no matter how transient, should be treated very seriously, and all high risk patients should have serial postoperative ECGs and be nursed in an intensive therapy unit for at least five days, because it is in this postoperative period that infarction is most likely to occur. The management of the acute episode, once it has been recognized, is relatively straightforward. The important principles are maintenance of a normal blood pressure, maintenance of oxygenation, prompt and vigorous treatment of heart failure and management of dysrhythmias as and when they occur (Jewitt et al. 1969 , Raftery et al. 1969 ). It must be remembered that the mortality for this complication of anesthesia and surgery is very high (80% compared with the 'usual' coronary care unit figure of 15%) and a high index of suspicion and early and vigorous treatment are very necessary requisites for a successful outcome.
